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1.0 BACKGROUND

A Trip was made to Ft. Lewis, Washington, on 8 December 1998 to review their air filter
cleaning and recycling programs presently in place. At that meeting contact was made
with Mr. Dave Hubbard from North West Filter Company, Inc. and Mr. Jesse Holt from
Holt Distribution Company. These gentlemen showed Mr. Frank Margrif from TACOM
two prototype HMMWYV filter elements made with a material called spunbond polyester
media. They claimed that the spunbond filter could be cleaned repeatedly without
damage. At Appendix A is a description of the material and property specifications of
spunbond polyester media and supplier comments. In comparison, the present HMMWV
air filter is made from a paper base material (see Appendix B for laboratory analysis of
paper media properties) and is more subject to damage during cleaning. The current TM
maintenance procedures specify that after three cleanings the present HMMWYV air filter
is to be thrown away and replaced with new.

It was determined that to prove acceptance of a new air filter for the HMMWVa
laboratory test evaluation should be conducted. Thus, TACOM agreed to seek funds to
conduct a comparison laboratory test between: (1) prototype HMMWYV air filter made
with spunbond media and (2) standard HMMWYV paper base air filter.

In the meantime Mr. Dave Hubbard obtained permission to put a prototype HMMWYV air
filter made with spunbond polyester media on a HMMWYV during field exercises at
Yakima Training Center in the summer of 2000. He requested that Frank Margrif obtain
current and past oil analysis information on the HMMWYV that would be tested at Yakima
Training Center (See Appendix C). It was hoped that previous oil analysis data would
show the silicon content (dust/dirt) with standard air filter in place. Then upon installing
the prototype HMMWYV air filter made with Spunbond polyester media, engine oil
samples would show a reduced silicon level.

The previous oil sample records for the HMMWYV undergoing field testing at Yakima
Training Center is shown at Appendix D. The oil sample records which were obtained at
Yakima Training Center with the HMMWYV prototype air filter made with spunbond
polyester media were invalid since the air filter housing containing a center support
structure broke causing increased dust levels into engine which jeopardized the accuracy
of oil samples. .

Since engine oil analysis recordings during field testing of spunbond polyester media was
unsuccessful, it became more important to conduct lab tests. Mr. Dave Hubbard provided
two (2) HMMWY prototype air filters made with spunbond polyester in later part of year
2000.

2.0 SUMMARY

Two HMMWYV prototype air filters made with spunbond polyester media were lab tested.
One was tested for efficiency and the other for dust capacity. The test results were
compared to efficiency and dust capacity conducted on two (2) standard production
HMMWYV air filters.




Efficiency test results showed that spunbond polyester media achieved an efficiency of
99.88% when tested for one (1) hour. In comparison the production HMMWYV air filter
(made by Donaldson Company, Inc.) achieved an efficiency of 99.80%.

Dust capacity test results showed the spunbond polyester media achieved a dust capacity
in terms of service life of nearly 3.4 hours. This falls way short of the production air
flter which achieved 14.5 hours of service life. The spunbond media achieved an
accumulative efficiency of 99.94% during dust capacity test which meet minimum
requirement of 99.9%.

3.0 OBJECTIVE

The objective of the air filter tests was to conduct a minimum comparison between the
Donaldson production filter elements and spunbond filter elements. The first comparison
lab test was an efficiency test. One of the production filter elements was subjected to an
efficiency test and one of the spunbond filter elements was subj ected to an identical
efficiency test. The second comparison lab test was a dust capacity test. One of the
production filter elements was subjected to a dust capacity test and one of the spunbond
filter elements was subjected to an identical dust capacity test.

4.0 TEST MATERIAL/TEST METHOD/TEST EQUIPMENT
4.1 TEST MATERIAL

Two (2) spunbond prototype HMMWYV filter elements were provided for test. One (1)
filter element had a screen covering on dirty or intake side. The other filter element had
no screen covering on dirty or intake side (sée Figire 1). Two (2) Donaldson production
filter elements for the HMM WV were obtained from Air Flow Lab in Bldg 7. These two
(2) filter elements were new but had been purchased several years ago for a previous test
(see Figure 2). The prototype spunbond HMMWYV filter element with no screen covering
on intake had a measured square feet of media equal to 39.84 ft* and a corresponding face
velocity of 10.5 ft/min. The other prototype spunbond HMMWV filter element with
screen covering on intake side had a measured square feet of media area equal to 44.18

ft? and a corresponding face velocity of 9.5 ft/min. In comparison, the Donaldson
produc: o filter elements (only one was measured) had a media area measured at 53.72
ft* and a corresponding face velocity of 7.8 ft/min. ‘

4.2 TEST METHOD

The HMMWYV production and prototype filter elements were mounted in a HMMWYV air
filter housing. The spunbond filter element with no screen covering the dirty or intake
side was used for efficiency test. The spunbond filter elements with screen covering the
dirty or intake side was used for dust capacity test. The rationale for this selection was
that the screen covering on dirty or intake side provided a lower initial restriction or
pressure drop. A lower pressure drop with screen covering on intake of spunbond filter
element would provide the longest dust capacity or service life.




Figure 1 — Spunbond Prototype Air Filter




Figure 2 — Donaldson Air Filter




The efficiency and dust capacity tests were conducted according to MIL-F-46736E. The
following exceptions to MIL-F-46736E were as follows. The efficiency tests for both the
spunbond polyester filter element and Donaldson production filter element were ran for a
period of 60 minutes. The normal period of running time is 30 minutes where the face
velocity is 6 ft/min (183 cm/min) or more. For example, if the square feet of media area
is 70 feet square and the rated air flow is 420 cubic feet per minutes, the face velocity is 6
feet per minute. Both the spunbond filter elements and Donaldson production filter
elements had square feet of media area which produced face velocities of more than 6
ft/min and should have been tested for only 30 minutes. However, testing both filter
elements to the same period of time is still considered a valid test.

It must also be noted that all testing was done without SAE J726 required use of a dust
injection nozzle in the dust feeding system per MIL-PRF-46736E. The use of a dust
injector nozzle is required per SAE J726 but not required per MIL-PRF-46736E.
Donaldson Company, Inc. reported that there may as much as 3 hours service life
reduction when dust capacity test is done with dust injector nozzle versus without dust
injector nozzle. They reported a service life of 19.5 hours on a HMMWYV filter element
dust capacity test without dust injector nozzle installed. In comparison the service life
dropped to 16.5 hours when dust capacity test was conducted with dust injector nozzle
installed.

4.3 TEST EQUIPMENT

The test equipment and test facility is located at TACOM’s Air Flow Lab (Bldg 7).
Pertinent equipment used for these tests included: (1) accurate dust feeder; (2) test bench
no. 2 600 CFM; (3) piezometer tube 4 in diameter and (4) nozzle size, 3 1/8 inch, 500
CFM. . _

5.0 RESULTS AND DISCUSSIONS
5.1 EFFICIENCY TESTING
5.1.1 DONALDSON PRODUCTION FILTER ELEMENT

The Donaldson Production filter element with a measured 53.72 square feet of media area
was efficiency tested at 420 cubic feet per minute air flow. The test was ran for 60 ™
minutes and SAE J726 fine test dust was used. After testing, the efficiency was

measured at 99.8%. The efficiency test data is shown in Table 1. The filter element
performance specification requires a minimum efficiency of 99.5% and thus test results
showed the requirement was exceeded. Even though, the efficiency test was suppose to
have been ran for only 30 minutes, based on a face velocity of 7.8 feet per minute
(exceeding the 6 feet per minute threshold) the test is considered valid.



Title: Eff Test #1

Comment: Donaldson Element

Date and Time: 02/08/2001 1:51:46 PM

Orifice Areas=

0.055905 C Constant=

0.99

Airflow Aircleaner Master Filter Efficiency= 99.8 %
Time SCFM Delta
0 417.5. 5.86
10 412.9 7.14 12.25 DB RH
20 419.2 7.97 13.09 80.0 38%
30 421.2 8.35 13.55 80.5 37%
40 417.7 8.83 13.35 78.0 37%
50 418.8 9.15 12.78
60 419.7 9.93 12.66
Weightings and Calculations
Wit. Dust Feeder and Inlet Before= 37697.7
Conductors
Dust feeder, Dust, Dust Tray, Dust delivery hose, Inlet After= 37068.0
piezzometer tube, Smooth aproach nozzel, hose and hose clamp. Dust fed= 629.7
Wt. Air Cleaner After= 6109.9
Air cleaner housing, spacer hose, element and large clamp Before= 5757.8
- - - 352.1°
Weight Scavage After= 1232.7
Scavage dust collector jar with two hoses and one clamp Before=  952.8
279.9
Weight Element After= 2401.3
Before= 9_52.8
1448.5
Qutlet Conducters After= 18455.7
Outlet piezzometer tube, 12 clamps and master filter cover. Before=  18455.7
0
Master filter element After= 111.00
Before=  109.99
1.01
Missing Dust -3.25 grams

Table 1 — Donaldson Air Filter Efficiency Test




5.1.2 SPUNBOND POLYESTER FILTER ELEMENT

The prototype HMMWYV spunbond polyester filter element with a measured 39.84 square
feet of media area was efficiency tested at 420 cubic feet per minute airflow. The filter
and SAE J726 fine test dust was used. After testing the efficiency was measured at
99.88%. The efficiency test data is shown in Table 2.

The filter element performance specification requires a minimum efficiency of 99.5% and
thus test results showed the requirement was exceeded. Even though, the efficiency test
was suppose to have been ran for only 30 minutes, based on a face velocity of 10.54 feet
per minute (exceeding the 6 feet per minute threshold) the test is considered valid.

5.2 DUST CAPACITY AND/OR SERVICE LIFE TESTING
5.2.1 DONALDSON PRODUCTION FILTER ELEMENT

The Donaldson Production filter element (difference one from efficiency test) with a-
measured 53.72 square feet of media area was dust capacity tested at a variable airflow
rate. Airflow was varied in 10 minute steps from 20% to 100% of rated airflow (420
cubic feet per minute). The step cycle is shown in performance specification MIL-PRF-
46736E, page 7.

The test was ran with SAE J726 coarse test dust and testing was considered complete
when the filter element pressure drop or air cleaner delta exceeded 20 inches of water
restriction at 420 cubic feet per minute rated airflow. Test results are shown in Table 3,
(sheets 1, 2 and 3) and Table 4. A graphical presentation of test results is shown in
Figure 3.

Test results showed the Donaldson filter element achieved a maximum service life of
14.5 hours before reaching the 20 inches of water pressure drop across air cleaner.

The HMMWV’s air cleaner service life was originally 20 hours, however, several years
ago the HMMWYV engine airflow increased from 380 to 420 cubic feet per minute. The
increased airflow resulted from the engine being upsized from a 6.2 to 6.5 liter.

At the higher airflow, air cleaner manufacturers could not meet the 20 hours service life
requirement. One HMMWYV filter element manufacturer who had a contract to provide
spare part filter elements paid for independent lab tests. These lab tests were conducted
in October 1996 by Southwest Research Institute (SWRI). The lab tests confirmed that a
16 hour service life to 20 inches of water pressure drop across air cleaner was more
appropriate and a waiver/deviation was granted for a 16 hour service life so that
HMMWYV filter elements could be procured. The original equipment manufacturer of the
HMMWYV air cleaner assembly still maintains they can achieve the 20 hour service life at
the increased airflow of 420 cubic feet per minute. This was not confirmed when tested
by SwRI where test data showed that only a 18.4 hour service life was achievable.
Findings are detailed in Appendix E.




Title: Eff Test #2

Comment: Spunbond Element
Date and Time: 02/13/2001 1:17:11 PM
Orifice Areas= 0.055905 C Constant= 0.99

Airflow Aircleaner Master

Filter
Time SCEM Delta Delta WB DB RH
0 416.7 7.68 11.97 63.5 79.5 41%
10 415.9 11.85 11.95 60.5 74.0 46%
20 4154 14.65 11.88 61.5 77.0 42%
30 414.1 16.93 12.16
40 416.0 18.30 12.32
50 413.8 19.64 12.68
60 415.0 20.91 12.65
Efficiency= 99.88 %
. Weightings and Calculations : :
Wit. Dust Feeder and Inlet Conductors Before= 37062.4
Dust feeder, Dust, Dust Tray, Dust delivery hose, Inlet After= 36434.4
piezometer tube, smooth approach nozzle, hose and hose Dust 628.0
clamp. ' fed=
Wt. Air Cleaner After= 7690.0
Air cleaner housing, spacer hose, element, large clamp and Before= 7063.4
scavage dust collector jar with two hoses and two hose 626.6
clamps.
WHt. Scavage After= 1206.4
Scavage dust collector jar with two hoses and one clamp Before= - 952.8
253.6
Wt. Element After= 2724.0
' Before= 2380.2
"343.8
Outlet Conducters After= 18503.9
Outlet piezzometer tube, 13 clamps and master filter cover.  Before= 18503.9
0
Master filter element After= 108.64
Before= 107.90
0.74

Unaccounted Dust= 0.66

Table 2 — Spunbond Prototype Air Filter Efficiency Test
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Title: Capacity Test #1

Comment: Donaldson Element

Date and Time: 02/13/2001 1:17:11 PM
Orifice Areas= 0.055905

Airflow
Time SCEM
0 417.5
10 253.5
20 77.3
30 350.0
40 260.4
50 164.7
1HR 4129
10 284.0
20 96.2
30 3443
40 251.3
50 253.1
2 HRS 418.2
2 HRS 415.5
10 247.8
20 834
30 335.9
40 246.8
50 164.3
3 HRS 415.9
3 HRS 419.3
10 251.5
20 84.3
30 331.5
40 2497
50 169.2
4 HR 417.7
10 2496
20 817
30 336.9
40 171.9
50 4124
5 HR 415.8
10 250.4
20 86.5
30 333.8
40 251.5
50 172.2
6 HR 414.8
10 252.6
20 337.7
30 313.9
40 251.8
50 168.9

Aircleaner Master Filter

Delta
6.20
2.49
0.35
5.32
2.86
1.41
7.39
233
0.69
5.26
3.30
3.28
7.92
7.83
3.48
0.74
5.43
3.70

1.97 .

8.40
8.82
3.74
0.81

6.10
4.01

2.23
9.10.
4.20
0.88
6.84
2.53
9.17
9.59
4.66
1.13
6.95
4.77
2.81
10.45
5.02

7.99 -

7.16
5.156

3.05

Delta
12.90
6.68
1.77
10.44
7.15
4.11
13.66
7.29
2.09
9.97
7.03
7.05
13.42
13.46
6.68
1.92
10.17
6.52
3.95
13.18
13.35
6.79
1.86
9.16
6.79
3.95
13.43
6.80
1.79
10.20
4.23
13.16
13.95
711
1.99
9.80
6.65
4.08
14.02
6.66
10.07
8.77
6.66
4.17

C Constant= 0.99

w8
63.5
60.5

61.5

DB
79.5
74
77

RH
41%
64%

42%

Date and Time: 02/16/2001 09:46:14 AM

wse
61

DB
76.0

RH
0.4

Date and Time: 02/16/2001 12:04:38 PM

w8
60.5

DB

79.5

RH
32%

TABLE 3: DONALDSON HMMWV PRODUCTION FILTER TABULAR DUST CAPACITY TEST RESULTS
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7 HRS 4140 11.00 13.08

7 HRS 417.7 10.74 11.53  Date and Time: 02/21/2001 1:11:06 PM
10 254 .4 5.46 6.51
20 86.7 1.35 1.84 WB DB RH
30 340.2 8.21 9.24 62 80 35%
40 248.3 5.41 6.36 61 75 44%
50 170.1 3.39 3.97

8 HRS 388.0 10.39 11.41
10 251.0 5.97 6.53
20 86.9 1.45 1.74
30 324.8 8.53 9.23
40 250.3 6.10 6.45
50 170.5 3.61 3.86

9 HRS 417.9 12.32 12.10

9 HRS 418.6 12.61 12.54  Date and Time: 02/22/2001 09:42:30 AM
10 253.8 6.58 6.31
20 88.4 1.60 1.72 wB DB RH
30 340.7 9.54 8.88 63 80 38%
40 249.9 6.54 6.09 60 74 44%
50 171.7 4.00 3.84

10 HRS 421.3 13.17 12.39

10 HRS 4232 13.43 12.86 Date and Time: 02/22/2001 12:44:13 PM
10 251.8 6.79 6.40
20 90.6 1.82 1.75 wB DB RH
30 336.9 10.22 9.03 60 74 44%
40 252.6 7.14 6.28 B 64 80 42%
50 172.7 4.45 3.94 60 74 44%

11 HRS 416.4 14.23 12.44
10 253.2 7.66 6.14
20 92.4 2.02 173
30 410.3 14.87 11.98
40 254.3 8.07 6.41
50 169.9 4.80 3.71

12 HRS 4157 15.68 12.85
10 418.0 16.27 12.55
20 93.2 235 1.76
30 " 3389 12.84 9.13
40 - 250.8 9.01 6.19
50 174.2 5.55 3.91

13 HRS 419.8 17.45 12.06

13 HRS 419.1 17.15 11.99  Date and Time: 02/23/2001 10:01:40 AM
10 255.8 9.52 6.28
20 75.3 - 2.14 1.35 WB DB RH
30 333.1 13.38 8.65 60 72 50%
40 254.0 10.04 6.30
50 172.9 6.37 3.85

14 HRS 411.0 18.78 11.90

14 HRS 419.2 19.15 12.08  Date and Time: 02/23/2001 12:56:13 PM
10 256.6 10.65 6.22
20 85.3 2.86 1.69 wB DB RH
30 334.4 15.35 8.86 61 81 42%

TABLE 3: DONALDSON HMMWV PRODUCTION FILTER TABULAR DUST CAPACITY TEST RESULTS
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40
50
15 HRS
10
20
30
40
50
16 HRS

251.3
170.9
418.2
252.1
82.0
335.5
252.8
158.3
415.7

10.67
7.04
21.05
11.79
3.21
16.94
12.43
8.35
22.75

6.13 65 81
3.88
12.35
6.70
1.62
9.31
6.19
3.81
11.91

42%

TABLE 3: DONALDSON HMMWV PRODUCTION FILTER TABULAR DUST CAPACITY TEST RESULTS
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| | |

Weightings and Calculations

Wi. Dust Feeder and Inlet Conductors Before=| 45755.5
Dust feeder, Dust, Dust Tray, Dust delivery hose, Inlet , After=| 39708.0
piezometer tube, smooth approach nozzle, hose and hose Dust fed=| 6047.5
clamp.

Wit. Air Cleaner After=| 8851.0
Air cleaner housing, spacer hose, element, large clamp and Before=| 6741.0
scavenge dust collector jar with two hoses and two hose clamps. 2110.0

Wi. Scavenge
Scavenge dust collector jar with two hoses and one clamp

After=| 2914.0 After=| 2921.5 After=| 1521.0
Before=| 952.5| Before=| 953.5| Before=| 953.5
1961.5 1968.0 567.5

Total Dust Scavenged = |4497.0

Wi, Element After=|  3568.0
Before= 2057.5
1510.5
Master filter element After= 109.69
. N Before=| 108.79
- 0.90

Unaccounted Dust= 71

Pre-cleaner EFF=| 74.36|%

I

Total Aircleaner Eff=| 99.99(%

| |

TABLE 4: WEIGHTINGS AND CALCULATIONS FOR DONALDSON AIR FILTER
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The Donaldson Production filter element service life of 14.5 hours to a 20 inches of water
restriction across the air cleaner falls below the recommended 16 hour service life and is
5.5 hours below the current 20 hour service life requirement. The dust capacity is always
measured in terms of grams of dust and Table 4 indicates that 6,047.5 grams of dust was
fed for 16 hours. Every hour 378 grams of dust was fed based on a dust feed rate of .025
grams per cubic foot times the airflow rate for each 10 minute interval. Thus in 14.5
hours 5,480.5 grams of dust was fed. The precleaner efficiency was measured at 74.36%
and the total aircleaner accumulative efficiency was 99.99% which exceeds the minimum

requirement of 99.9%.

Table 3 provides a running tabulation of the time versus airflow, air cleaner delta
pressure drop and master filter pressure drop. It is of interest to note that at each hour
check point the airflow is not exactly at 420 cubic feet per minute. The rationale for this
is that pressure transducers were used for airflow measurements and at the time the
printout occurred the accuracy of pressure transducer would not provide an exact reading
of 420 cubic feet per minute.

5.2.2 SPUNBOND POLYESTER FILTER ELEMENT

The prototype HMMWYV spunbond polyester with expanded metal screen on intake side
or dirty side and with 44.18 square feet of media material was dust capacity tested at a
variable airflow rate. The step airflow cycle was ran to the same test methods and test
procedures as the Donaldson Production filter element.

Test results are shown in Tables 5 and 6. A graphical presentation of test results is shown -
in Figure 4.

Test results showed the spunbond polyester filter element achieved a maximum service
life of approximately 3.4 hours before reaching the required 20 inches of water restriction
across the air cleaner. The air cleaner restriction is measured by piezeometer rings
installed in the air cleaner duct before and after the air cleaner. The air cleaner restriction
tap on the metal housing which is connected to an air cleaner restriction gauge is not
considered as accurate a reading.

The 3.4 hours of service life is only % of the service life obtained with Donaldson,
Production filter element and is 16.6 hours below the current 20 hour service life
requirement. The dust capacity measured in terms of grams and shown in Table 6
indicates that 1509.0 grams of dust was fed for 4 hours which would correspond to
1357.8 grams of dust being fed in 3.4 hours. Thus, the spunbond filter element only had
V4 of the dust fed in comparison to the Donaldson Production filter element (1357.8
grams vs 5480.5 grams). The differential between service life and amount of dust fed for
the two filter elements provides a good correlation. Table 6 also shows precleaner
efficiency was measured at 74.62% and the total accumulative efficiency was 99.94%
which exceeds the minimum requirement of 99.9%.

Table 5 provides a running tabulation of the time versus airflow, air cleaner delta
pressure drop and master filter pressure drop. The test data shows the air cleaner pressure

14




Title: Capacity Test #2
Comment: Sponbond Element

Date and Time: 02/28/2001 2:30:11 PM
Orifice Areas= 0.055905

Time

10
20
30
40
50
1HR
1HR
10
20
30
40
50
2 HRS
10
20
30
40
50
3 HRS
10
20
30
40
50
4 HR

Airflow
SCFM
421.4
235.8

83.1
342.5
251.4
168.0
419.8
418.0
2554

96.5
330.0
2491
177.8
417.0
256.0

99.8
345.0
258.4
175.4
419.7
259.0

91.7
340.9
258.5
177.5
417.8

TABLE 5:

C Constant= 0.99

Aircleaner Master Filter

Delta Delta
5.49 13.08
2.40 6.82
0.38 1.88
4.35 9.81
2.72 6.47
1.57 4.24
8.75 13.96
8.92 14.52
4.29 6.79
0.72 2.00
8.13 9.77
5.44 7.09
2.69 4.36
14.07 13.70
6.81 7.23
1.00 1.93
11.57 10.42
7.57 7.7
417 4.43
18.38 14.48
8.90 6.66
1.23 1.73
14.36 9.84
947 6.56
5.28 4.28
22.72 14.22

wWB DB RH
59.0 73 43%

Date and Time: 03/01/2001 1:01:06 PM

w8 DB RH
64 79 44%
65 79 47%

SPUNBOND POLYESTER HMMWV PROTOTYPE FILTER TABULAR
DUST CAPACITY TEST RESULIS

15




! | |

Weightings and Calculations

Wt. Dust Feeder and Inlet Conductors Before=| 44313.5
Dust feeder, Dust, Dust Tray, Dust delivery hose, Inlet After=| 42804.5
piezometer tube, smooth approach nozzle, hose and hose Dust fed=|{ 1509.0
clamp.
Wit. Air Cleaner After=| 8997.0
Air cleaner housing, spacer hose, element, large clamp and Before=| 7489.0
scavenge dust collector jar with two hoses and two hose clamps. 1508.0
Wi. Scavenge After=| 2078.5
Scavenge dust collector jar with two hoses and one clamp Before= 952.5
1126
Wt. Element After=| 3174.5
Before=| 2805.5
369
Master filter element After=| 108.72
Before=| 107.79
0.93

Unaccounted Dust= 0.1

Pre-cleaner EFF=| 74.62(%

Total Aircleaner Eff=| 99.94|%

TABLE 6: WEIGHTINGS AND CALCULATIONS FOR SPUNBOND POLYESTER AIR FILTER

16
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drop for the spunbond filter element increases many times to that of the Donaldson
Production filter element for every hour of testing.

6.0 CONCLUSIONS/RECOMMENDATIONS

1. The HMMWYV prototype spunbond polyester filter elements are not considered to have
sufficient dust capacity and/or service life when tested to MIL-PRF-46736E. The service
life is only 25% of the standard production HMMWV filter element. (3.4 hours for
spunbond versus 14.5 hours for production filter element, as compared in Figure 5).

2. The HMMWYV prototype spunbond polyester filter element met MIL-PRF-46736E
initial efficiency requirement of 99.5%. The efficiency test was ran for 60 minutes versus
the intended 30 minutes. A 30 minutes initial efficiency test is specified when the face
velocity is 6 ft/min or less. The HMMWYV prototype spunbond filter element used in
initial efficiency test had 39.84 square feet of media area and a corresponding face

velocity of 9.50 ft per minute.

3. The Donaldson Production filter element was designed with pleat lock that provides
controlled spacing between the pleats. The pleat spacing was not as controlled or spaced
equally on the prototype spunbond polyester filter element. In addition, the Donaldson
Production filter element had 53.72 square feet of media area whereas one spunbond
polyester filter element (with no expanded metal or intake) had 39.84 square feet of
media area and the other (with expanded metal on intake) had 44.18 square feet of media
area. This represent 21.6% and 38.8% respectively more filter area for the Donaldson
filter compared to the two spunbond filters. #lso, this represents 2 10.8% difference in
square feet of media area between the two spunbond filters.

The lower square feet of media area in spunbond filters surely accounts for some
difference in reduced service life and dust holding capacity from the Donaldson filter.
However, it is believed that if the square feet of media area of spunbond were equal to the
Donaldson Production filter there would still be a significant difference in service life.
The uneven spacing of pleats in spunbond filter also may make a small contribution in
difference of service life to that of Donaldson filter. -

4. It is recommended that an air cleaner test program be initiated to investigate the

affects of vibration on filter element dust capacity and service life. A pilot program
should be conducted to measure vibration on air cleaner housing (of say a HMMWYV)
over typical vehicle mission profile that includes idling, cross country, improved road and
highway driving. Record the vibration levels and then apply these vibration levels to a
specified schedule on the air cleaner housing during filter element lab testing per MIL-
PRF-46736E. Validate if dust capacity and/or service life and efficiency is increased or
decreased. This application is currently being applied to engine oil and fuel filters and
needs to be evaluated on air cleaners. This could possible increase the service life for
spunbond polyester filter elements.

18
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APPENDIX A

SPUNDBOND POLYESTER
PRODUCT SPECIFICATION AND

SUPPLIER COMMENTS




HOLT DISTRIBUTING & MANUFACTURING CO.
2246 S. Railroad
Fresno, CA 93721
Telephone: (559) 266-8349 or (800) 350-4658
Facsimile: (559) 266-2236

SPUNBOND POLYESTER

HD-227L PRODUCT SPECIFICATION

HD-227L is a non-woven spunbond polyester, renewable media. This media combines high

efficiency, excellent release characteristics with its moisture tolerance to give you a high volume,

extended life filter.

Color : White

Weight : 8.1 oz/sq yd.

Heat : 275°F, 200°F standard construction
Moisture Tolerance Excellent, media is washable

Abrasion Resistance : Excellent, 5-7 x stronger than cellulose
Dust Release Traits  : Excellent cleaningand release properties
Air Permeability : 28-33 CFM/sq. feet at V;“ WG
Efficiency* : Up t0 99.995 @ .2 — 2 microns

BIA Rating : U,S,G&C

The HD-227L media can be manufactured with these special features:

Hydro and Olieo Phobic finish for your oil mist applications
High heat construction to 275°F

PTFE membrane for those fine dusts

Anti-static finishes or carbon fiber construction

Dust-Free or Pleated Bag design

A A S e

Environmental construction

Speciﬁéétions may change without notice
*Efficiencies will vary depending on application.
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HOLT DISTRIBUTING & MANUFACTURING CO.
2246 S. Railroad
Fresno, CA 93721
Telephone: (559) 266-8349 or (800) 350-4658
Facsimile: (559) 266-2236

100% Non-Woven Spunbond Polyester Media
for Cartridge Filters

[ PROPERTY | VALUE
Style HOLT MFG.
Fiber T00% Spanbond Polyester TYPICAL MEDIA PROPERTIES

" This data is to be considered as typical, and
cefvd? ,
Weight 8.45 ounce/yd for information purposes only. All
kspecifications are subject to change.

Construction Non-woven, spunbond

BIA Rating US&G

Air Permeability 28 cfm @ %" w.c. Resistance Ratings
(base media) Chart

Mutllen Burst 387 psi

Tensile Strength 219 Ibs X-Direction

E  |Reagent |A |B |[C |D &
L

225 Ibs Y-Direction Acids
— Y
Thermal Stability | 2% Maximum @ 275°F gi‘i:'a‘zts :
Max Operating 275°F for base media, Solvents hd
Temperature finished elements maximum Hydrolysis | *
peratu temp. rating is 200°F. Higher Abrasion bl
temperature construction Combinations of chemicals may alter fiber
) available. resistance to the specified performance level..
Finish Calendared, heat-set A = Excellent D =Fair

Optional Finishes ® PTFE Laminate

® Aluminized for Anti-
Static Ground

® Qil/Water Repellant

Resistance Ratings J See Table at Right <>

APPLICATION: Many industrial process, nuisance, and pneumatic conveying applications. HD-227L
media is characterized by high filtration efficiencies of fine particulate, and very good dust release
properties. Suitable for fibrous materials, such as wood and fiberglass. A good choice for dust streams
containing coarser sized particles.
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Maximum penetration degree of the filter material for inserting in devices with the
following classifications:

-U Separation of dust with MAK- 5%
value of 1 mg/m3

-S Separation of dust with MAK- 1%
value of 0,1 mg/m3

-G Separation of dust with MAK- 0.5%
values

-C Separation of dust with MAK- 0.1%

values and of cancer-producing
substances of group 2, 3

K1 Separation of dust with MAK- 0.05%
values and of cancer-producing
substances of group 1, 2, 3

-K2 Separation of dust with illaess- 0.05%
producing substances (e.g. virus
or germ)

The HD-227L, HD-227L-HO, HD-227L-AL and HD-227TM Series Medias carry the U,
S, G & C BIA ratings.

Classiﬁcation U.S.G&C

The test is carried out on new filter material.
The filtration velocity during the test is 0.056 m/s.
Quarzdust with a concentration of (200 +/- 20) mg/m3 is used for this test.

About 90% of the particle number of the test lies between 0.2 um and 2 um on average
according to Stoke.

*MAK =» Maximum working area concentration
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Margrif, Frank

From: Lucia Hubbard [wgntails @kvalley.com]
Sent: Sunday, December 10, 2000 7:33 PM
To: margriff @tacom.army.mil

Subject: spunbond

skipsnw@aol.com

Frank,
This message regards the two engine air filters I sent you via UPS; They fit

the HMMWV family of vehicles. The NSN of their 3conventional? counterpart is
2940-01-188-3776. ’

From our last telephone conversation it is my understanding that both air
filters will be subjected to two lab tests; one for filtering efficiency,

and one for 3service life?.

Both filters have been remanufactured from used HMMWV end caps and have a
Gspunbond! polyester media installed. The filter that has no outer expanded
metal screen contains Espunbond! media that has been 3*dimpled?, this
dimpling gives the media added lateral strength which is important in
preventing Gpleat bunching! which happens when the filter is over loaded
with dust and other particulate matter.

wWhat we and Jess Holt are particularly impressed with is the extraordinary
strength and durability of the spunbond media. Our experience in the
commercial sector and with the HMMWV spunbond filter being field-tested at
Fort Lewis is that filters using spunbond media can be Gcleaned! numerous
times over a very long period of time in the field. This assumes

.inexperience servicing people using the most aggressive cleaning methods

available to them; the filter media simply will not fail or be degraded
significantly. S - -

The cost of the two prototype test air filters is $100.00 each.

We are most interested in any comments you or your colleagues may have
regarding these two filters.

Regards,

Dave Hubbard
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APPENDIX B

LABORATORY ANALYSIS

OF PAPER MEDIA PROPERTIES
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AHLSTROM FILTRATION, INC.

P.O. Box 2009 « 105 West 45th Street Telephone (615) 821-4090
Chattanooga, Tennessee 37409 Fax (615) 821-2300

SAMPLE SHIPMENT NOTICE

TO: Jess Holt FROM: T. L. Bak
1. Sample KHXBRX IN-6 2. Date Shipped 2/26/91
3. Sent to (Company) Holt 4. Means of Shipment truck
5. No Rolls or Sheets Order 6. Mill or Reel No.
7. Sample Slit Size vartous 8. Paper Type No. NG /W"“-fe)
9. Description Average Run Data, 9N-6, Lot 210827
LABORATORY ANALYSIS This AIM
Sample Values
1. Basis Wt., 1bs./3000 sq.ft., Treated (Uncured, Cured) 85.0
17.0
2. Caliper, mils I_’] Ames (] Optical 1 TMI
M.
3. Corrugation Depth, mils >
4. Erazier Air Flow, cfm. per sq. fl. @ %" Water Diff. Pressure 23.2
7.1

5. Maximum Pore Size (Bubble Point) Pressure, Inches Water
[] g9 iso L1 Acaea [ istBubble [ 3rd Bubble 17.5

6. Mean Flow Pore Size, (Assoc. Amer. RR Test), microns

: 18.
7. Resin Type:__ Non-cure % by weight ’
8. Volatiles % 7.4
) L8.0
9. Dry Mullen Burst, psi (Uncured, Cured)
3.0
10. Wet Mullen Burst, psi (Uncured, Cured) 3
Looo
11. Uncured Stiffness, mgs. M.D.
5000

12. Cured Stifiness, mgs. M.D./C.D.

13. Tensile, Ibs.fin. M.D. (Uncured, Cured)




TO: Ur. Jess liolt FROM: 3ill Zeynolds
1. Sample No. OS- 2. Date Shipped -~
3. Sent to (Company) Holt Distributing 4. Means of Shipment -
5. No Rolls or Sheets e 6. Millor Reel No. --
7. Sample Slit Size - 8. Paper Type No.__9P-40 (T/Il‘)
9. Description Grade 9P-40 Heavy Duty Air Filter Paper
LABORATORY ANALYSIS we R
Sampte Values
£l ]
1. Basis Wt., Ibs./3000 sq. ft., Treated (Uncured, Cured) 9L
2. Callper, mils &) Ames [} Optical U1 Tmi Flat 22
3. Corrugation Depth, mils 13
4. Frazier Air Flow, cfm. per sq. ft. @ V2" Water Diff. Pressure ] 28
5. Maximum Pore Size (Bubble Point) Pressure, Inches Water ’
[ 99% 1s0 AC394  EJ istBubbte [ 3rd Bubble 6
6. Mean Flow Pore Size, (Assoc. Amer. RR Test), microns -
7. Resin Type: Standard P"‘e“"lic % by weight 20
8. Volatiles % 7.
9. Dry Mullen Burst, psi (Uncured, Cured) 35
10. Wet Mullen Burst, psi (Uncured, Cured) 30
11. Uncured Stiffness, mgs., M.D. 3000
5500

12

13

FILTRATION SCIENCES

CORPORATION
Southern Specialty Division

SAMPLE SHIPMENT NOTICE

. Cured Stiffness, mgs. M.D./C:D.

. Tenslile, Ibs./in. M.D. (Uncured, Cured)

cc: Sample Book, Sales, I''K, RLG, €PC
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APPENDIX C

REQUEST FOR OIL ANALYSIS
RECORDS ON HMMWYV ENGINE NO.

044494E




SKIF'S NW FILTER SERVICE @
P.0. Box 515

Cllensburg, WA 98926

“TellFax (509) Y25-4858

Cefl No. SI499-0042

DATE

9 June 1939

¥0

Me. Fruok Margaf (AMSTA-TR-R)

U.S. Armry Tank Auomotive Command, Wastcn, Michigran

FAX NUMBER

B10) S74-5054

FROM

Dave Hubbard,

MESSAGE

Deat Fraak,

1 enjoyed aur telephons: cooverution last woeek ahout air filier cleaning:

Hope we can get topether some tine and hash owt the subfect from end

to end. It's a subject that's a Jot like politicy; for some renson everybody

s ant Yexpea®.

The purpoise of this FAX, howcver, is to ask for your help ta obtainiag

Qi ansatysis Lsh dafa.

Xt MLMMMUMMQ_

g two {3 ir filters aod ceansgmbied

you s fhe Fort Lewis mocting last M‘m‘XI‘AJ.MJ_ﬂML

8 snecificavion sheet which showed, aons other things. We filterine

conditions tuoughout the deployment. What we'd like to do is




service thst owr Spasbund EIMMWY cagive aiv filters on their vehicle duting e upeoming
deployodnt, Jess Holt zud T are more than confident et the exceptional dersbitity of the Spunboud
media cobincd with its very high fittering efficiency will be a real eye apeacr. :

The Yalima Training Ceater is only 35 miles from my home and | am ta that area every (wo
weeks, sp monitonng the testiog will be no problem.

Toy order fo extablish a track record and for comparison putposes we would like to have aceess
to the hiftarical ol anatysis records for the vehicle as well as the resalis of the oagoing Fort
Lewis of analyses for the vehicle. | tdked o Me. Ray French who runs the oil analysis
program|at Fort Lewis: He suid thit to have oil analysis dats | reeded w0 ask “TACOM" (o
request that the Program Director (Mr. John Dixon), Army Oit Analysis Program Oricetor at
the Redsjone Arsenal in Huntsville provide me with the information. From the data on cach o
analvsis | cun pick off the Sifict count which ix my primary interest.

Jess Holl and T will provide the air (ilters and track theic pedomuance and keep you [ully
informed. As 1 mentioned (o you i our telephoae conversation there wauld be no charge (o the
of any of this work. If these air filters perdorm, in every respect, like we fimaly belicve
il (h¢ Arrny can anticipate savings through fewer engine faiturcs due (o dust injestion
ife pesibly, extended oil service life umes.

1 ask forlyour help in oblsining the ofl anabysis duta Tve tlked aboutin this Tetier.

The spedifics on the vehicle:

“Bumpef NO.* HQRU NGAT7V
ENDITTEM' NQ. for the enginc: 044494E

Pleise ciff me with any questions you may have, of to ask (or additional information.

' ks afrata for your time gad attcution,

- David 3. lubbard




APPENDIX D

ARMY OIL ANALYSIS PROGRAM (AOAP)

RECORDS ON HMMWYV ENGINE NO. 044494E
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~ ARMY OIL ANALYSIS PROGRAM (ROAP)
OIL ANALYSIS STANDARD INFORMATION SYSTEM (OASIS)
DATA DICTIONARY
(Extract)

ELEMENT NAME DEFINITION

AG - Silver: Spectrometric findings for the element silver
contained in the lubricant analyzed and shown in parts per
million (PPM).

AL - Aluminum: Spectrometric findings for the element aluminum
contained in the lubricant analyzed and shown in parts per
million (PPM).

ALKLIN - Alkalinity: Results of test for lubricant alkalinity.
ANOX - Anti-oxidant reading value

ANOXCR - Anti-oxidant Flag: Computer reading flag, i.e., L = low,
N = noxrmal, or H = high

AW - Anti-wear reading value

AWCR = Anti-wear Flag: Computer reading flag, i.e., L = low,
N = normal, or H = high :

B - Boron: Spectrometric findings for the element boron contained
in the-lubricant analyzed and shown in parts per million (PPM).

BKDN - Ester Breakdown reading value

" BKDNCR - Ester Breakdown Flag: Computer reading flag, i.e., L =

low, N = normal, or H = high
BKD2 - 2nd Ester Breakdown reading value

BKD2CR - 2nd Ester Breakdown Flag: Computer reading flag, i.e., L
= low, N = normal, or H = high

COMPMOD - Component Model: Type, model, and series component.
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COMPSN - Component Serial Number: Unique serial number assigned
to the enrolled component or system, e.g., engine, gearbox, etc.

CONTAM - Contaminants: Results of tests to measure amount of
insoluble present in lubricants analyzed.

COOL - Coolant: Results of tests to determine the presence and
amount of coolant in lubricants. (XX.X or P=Pass, F=Fail)

COOLF -Coolant FTIR: Optimized Ethylene Glycol reading value

COOLFCR - Coolant FTIR Flag: Computer reading flag, i.e., L =
low, N = normal, or H = high

CR - Chromium: Spectrometric findings for the element chromium
contained in the lubricant analyzed and shown in parts per
million (PPM).

CRACKLE - Lubricant test for water contamination. Results are P
(pass) or F (fail).

CU - Copper: Spectrometric findings for the element copper
contained in the lubricant analyzed and shown in parts per
million (PPM).

DIES - Diesel Dilution reading value

DIESCR - Diesel Dilution Flag: Computer reading flag, i.e.
= low, N = normal, or H = high

DISPERS - Dispersants: Results of test to determine the
dlspersant ability of lubricants analyzed.

EIMOD - End Item Model. ’

EISN - End Item Serial Number: Unique serial number assigned to
the equipment end-item on which the enrolled component is
installed.

EPWA - Water in EP additive fluids reading value

EPWACR - EP Water: Computer reading flag, i.e., L = low,
N = normal, or H = high

FE - Iron: Spectrometric findings for the element iron contained
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in the lubricant analyzed and shown in parts per million (PPM).
FUEL - Fuel dilution reading value

FUELCR - Fuel Flag: Computer reading flag, i.e., L = low,
N = normal, or H = high

FUELDIL - Fuel Dilution: Results of physical property test to
determine the presence of diesel fuel or gasoline. (XXX)

GAS - Gasoline: Gasoline dilution reading value

GASCR - Gasoline Flag: Computer reading flag, i.e., L = low,
N = normal, or H = high

HRSCOMP - Hours Component: The number of component operating
hours since the component was new or since the last time the
component was overhauled.

HRSOIL - Hours 0Oil: Number of component operating hours since the
last time the oil in the component was changed.

INSOL - Insoluble: Results of test for insoluble.
IRCOMPREC - Fourier Transform Intra-red Computer Recommendaticn
JP - JP5/JP8/Diesel Dilution reading value

JPCR - JP Flag: Computer reading flag, i.e., L = low, N = normal,
or H = high

LABCODE - Laboratory Code: Unique laboratory identification-code
that includes military service and major Army command. o

MAJCOM - Major Command: Joint Oil Analysis Program code of the
customer units major command.

MEAS - Measure: The unit of measure (P=pints, Q=quarts, or
G=gallons) for the number entered in the OIL data field.

METHOD - Method Number: Identification number of FTIR method used
to evaluate the sample.

MILEAGE - The odometer or hour meter reading of the equipment
end-item on which the enrolled component is installed when the




0oil sample was taken.

MG - Magnesium: Spectrometric findings for the element magnesium
contained in the lubricant analyzed and shown in parts per
million (PPM).

MO - Molybdenum: Spectrometric findings for the element
molybdenum contained in the lubricant analyzed and shown in parts

per million (PPM).

NA - Sodium: Spectrometric findings for the element sodium
contained in the lubricant analyzed and shown in parts per
million (PPM).

NI - Nickel: Spectrometric findings for the element nickel in
parts per million (PPM).

NITR - Nitration reading value

NITRCR - Nitration reading value flag: Computer reading flag,
i.e., ILL = low, N = normal, or H = high

OIL - The amount of oil that has been added to the component
lubricant system since the last o0il change. (NOTE: Unit of
measure shown in MEAS) - - :

OILTYPE - Type of o0il the tested component is serviced with.

OTHR - Other: Other fluid contamination in synthetic lubricant.

OTHRCR - Other Flag: Computer reading flag, i.e., L = low,
N : normal, or H = high -

OXID - Oxidation reading value

OXIDCR - Oxidation Flag: Computer reading flag, i.e., L = low,
N = normal, or H = high '

PB - Lead: Spectrometric findings for the element lead contained
in the lubricant analyzed and shown in parts per million (PPM).

REMARKS - Technical narrative supplement entered by laboratory
personnel.

SAMPNO - Sample Number: A unique number assigned by the AOAP
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laboratory for internal tracking.
SAMPDATE - Sample Date: Date sample taken.

SI - Silicon: Spectrometric findings for the element silicon
contained in the lubricant analyzed and shown in parts per
million (PPM). '

SN - Tin: Spectrometric findings for the element tin contained in
the lubricant analyzed and shown in parts per million.

SOOT - Soot value reading value

SOOTCR- Soot Flag: Computer reading flag, i.e., L = low,
N = normal, or H = high

SULF - Sulfate: Sulfate by-products reading value

SULFCR - Sulfate Flag: Computer reading flag, i.e., L = low,
N = normal, or H = high

TEC - Type Equipment Code: A code that identifies the type,
model, and series of the enrolled component and the model,
design, and series of the end item in which it is installed.
TEMP - Temperature: Temperature at the time oil sample was
tested. (XXX or 782 = 78.2 degrees F)

TI - Titanium: Spectrometric findings for the element titanium
contained in the lubricant analyzed and shown in parts per
million (PPM).

UIC - Unit Identification Code: Standard unit identification
code of the unit or organization to which the component is
assigned.

VISC - Viscosity: Numerical rating from physical property test to
determine viscosity of the lubricant analyzed.

WATR - Water: Water in EP additive fluids reading value

WATRCR - Water Flag: Computer reading flag, i.e., L = low,
N = normal, or H = high

WA2 - Water 2: Total hydroxyl (water &/or Brkdwn) reading value




WA2CR - Water 2 Flag: Computer reading flag, i.e., L = low,
N = normal, or H = high

ZN - Zinc: Spectrometric findings for the element zinc contained
in the 1lubricant analyzed and shown in parts per million (PPM).
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APPENDIX E

SOUTHWEST RESEARCH INSTITUTE (SwRI)
LAB TEST OF HMMWYV FILTER ELEMENTS

FROM TWO (2) DIFFERENT SUPPLIERS



ATTACHMENT I

SOUTHWEST RESEARCH INSTITUTE
. TESTING 420 CFM ELEMENT
FROM TACOM FILTER HOUSING

E-2
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SOUTHWEST RESEARCH INSTITUTE

€220 CULEBRA ROAD « POST QFFICE CRAWERTESIOD & SAN ANTONIC, TEXAS, USA 78224-0510 @ (D101684-3111 @ TELEX 244546

ENGINE AKD VEHICLE RESEARTH DVISION
FAX: (210) 322-5720

December 17, 1996 -

Ms. Cecila Ewing

International Filter Manufacturing

402 West Rvder

P. O. Box 549

Litchfield, Illigois 62056

VIA FACSIMILE TO (217) 324-2390 AND FIRST CLASS MAIL

Subject: Southwest Research Institute Project No. 03-7612-022, “Air Filter Testing”

Dear Ms. Ewing:

This report presents results of airflow restriction, efficiency and dust capacity tests conducted

on NSF 2940-01-188-3776 (M998 Utility Truck) air filter clements provided by International Filter

Manufacturing (IFM) for evaluation. IFM A<D53 and TACOM clements marked 420CEM were

_tested. Testing was conducted in accordance with Military Specification MIL-F-46736C(AT)

12 April 1991, and the SAE J726 JUN93 Air Cleaner Test Code. Initial restriction (pressure drop),
initial and cumulative efficiency’, and dust capacity were measured. The cumulative efficiency/dust
capacity tests were conducted to the variable flow schedule given in MIL-F-46736C Figure 1, with
rated flow (100%) set at 420 scim (27°C; 76 cm HG), using PTI SAE Coarse Dust (Batch 4440C)
fed at 2 constant rate of 6.30 g/min. The initial efficiency test was run for thirty (30) minutes at rated
flow (420 scfin) using PTI SAE Fine Test Dust (Batch 4555D) at a concentration of 0.883 g/m’ air
(0.025 g/m® air). Particle size data for the test dusts are given in Attachment 177 Testing was
conducted with the element installed in 2 TACOM (GFE) NSF 2940-01-188-5117, P/N 19207-
12339911 (MFR 34623, 03705/96) multi-stage housing. The filter clements were inspected for
structural integrity and quality of gaskets and seals before and after testing.

The test sequence was as follows: measure initial restriction (pressure drop) as a function of
airflow rate for each element. conduct initial efficiency test IFM A-D53 clement #1.only) and
cumulative efficiency tests (IFM A-D53 element #2 and American General element #1) while
measuring dust capacity to 20 inches of Water terminal pressure drop across the element and housing
at rated flow. ‘ . . : ‘

Test results are presented in Table 1 and Figures 1 and 2. Table 1 give initial restriction

gprcssurc drop) at 420 scfm. initial and cumulative efficiency, and dust capacity. Figure 1 shows
initial restriction (pressure drop) across the assembly (element and housing) as a function of airflow

(3 B3
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Ms. Cecilz Ewing

International Filter Manufacturing
December 17, 1996

Page 2

——

rate. Two curves are given for cach clement: pressure drop as measured between the upstream and
downstream peizometers, and pressure drop as measured between the upstream and downstream

housing taps.

Figure 2 shows pressure drop (between the upstream and downstream housing taps) as a
function of dust fed to the element and housing. Dust capacity in Table 1 represents the amount of
dust fed to the assembly (clement and housing) at a terminal pressure drop of 20 inches of water
across the assembly, 25 measured between the upstream and downstream housing taps at rated flow.
There were no leaks at the seals or at the plastisol-media interfaces, for any of the clements. There
was, however, one leak through the media, located approximately 3 inches from the open end of the
element, S inches clockwise from the inside seam, for the American General element.

If you have any questions concerning the test results or the project, please do not hesitate to call
me at (210) 522-2626. For your convenience,our facsimile number is (210) 522-5720. Southwest
Research Institute is pleased to have been of sérvice; and we look forward to working with you again

in the future.

Sincerely,

M8 Tt

Manager
Filtration and Fine Particle Technology
Department of Vehicle Systems Research

N

flc ) GAnphiles\mb(7612-022.822\8 pgs.
Attachments

- ]
Approved:

Sz ot/

Gary L fStecklein
Director :
Denartment of Vahi~la Svstams Research  E-4

ID:2195225720 i PAGE
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TABLE 1

INITIAL RESTRICTION (PRESSURE DROP), INITIAL AND CUMULATIVE EFFICIENCY,
AND DUST CAPACITY: IFM A-D53 AND TACOM NSN 2940-01-188-3776 (M998 UTILITY
. .TRUCK) FILTER ELEMENTS TESTED IN TACOM (GFE) 12339911 BOUSING; PTI SAE
COARSE DUST (BATCH 44400) @ 0.025 G/FT® AIR, EXCEPT FOR INITIAL EFFICIENCY
(PTI SAE FINE DUST FOR 30 MINUTES); AIR FLOW RATE: 420 SCFM; IFM ELEMENTS

ok
‘*M-‘:.NUF 'ACTURED OCT OBER 1996, TACOM 420 CFM ELEMENT PROVIDED AS GFE
K
ety
= PLEAT | EXPOSED | INITIALAPs |  INTTIAL™ covuLATIVE- | . PUST
ELEMENT | couny | AREAFT | "H6 | EFFKIENCY. % EFFICTERCY, % | SArooner COMMENTS
a5 m | 26 7341 230 3.00) s WA . wNa NoLesks
FMADS Q) | 260 .15 230 (5.00) NA o © |° e1:2(163) | NoLeks
259 7035 235 (1.45) wAS o T 6976(189) | One DustLeak Through Medie
£206PM (1)
=~ Elements Tested October 1996

% Atrated flow (420 scim) in housing, as measured betwesn up and downstream housing taps
and (between up and downstream piezometers). )

£

. ) -t . b t "'
«x Efficiency = ll _ ¥t gain of absolute] 4, T .

wt. of dust fed |

#*+ At 20 inches of pressure drop across the element and housing. as mcasur}d between up and
schedule per Figure 1 of MIL-F-46736C.

downstream housing taps, at rated flow;, airflow
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CLEAN ELEMENT PRESSURE DROP AS A FUNCTION OF AIRFLCW'RATE
NSF 2940-01-188-3776 (M998 UTILITY TRUCK) FILTER
ELEMENTS TESTED IN TACOM (GFE) 12339911 HOUSING

20
18
16

L O

o 14

o]

=

«w 12

o)

o

p- 10

-©Q

£
8

|

o

< 6
4
2
0

1

-~ IFM A-DS3(1); Pressure drop
- at housing taps

O— IFM A-D53(2): Pressure drop
( at piezometers

o— IFM A-DS3(2); Pressure drop
: at housing taps

@— TACOM—420 CFM (GFE): Pressure drop
at piezometers

—¢— TACOM—420 CFM (GFE): Pressure drop
. at housing taps

N ’ ELEMENT  feeedreemeedeie e
—J— PM-A-DS3(1): Pressure drop
| at - piezometers
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PRESSURE DROP AS A FUNCTION OF AIRFLOW TEST TIME
NSF 2940-01-188-3776 (M998 UTILITY TRUCK) FILTER
ELEMENTS TESTED IN TACOM (GFE) 12339911 HOUSING

22 NN

ELEMENT

I A—-D53(2); Pressure dr § : " -
—O— & at housing otpapa : S R [ﬁ

20

eedscorshocevtrsoncdencacione

- - TACOM—420 CFM (GFE)

18

16

14

12

10

AP — Inches of water

L4 - .
escommescc) cassgrecesiecscivccodeossotocargrrctcncrsoforronrsccctrrrcreccochoccetscangenece Fovecfocees x I

0 : : : 2 : s : : :
0 2 4 6 8 10 12 14 16 18 20
Test Time — hours |
FIGURE 2 : - Sorss
MBT
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ATTACMENT 1
PARTICLE SIZE DATA FOR TEST DUSTS:

PTI SAE FINE, BATCB 4555D
PTI SAE COARSE, BATCH 4440C

E-8



Powder Technofogy tnc. -
P.O. Box 1464 :

L555D. 404

o pename (555D Samele Numper: [ 111 Burnsville, Minoesota $5337
Sample ID: SAE FINE A.T.D.(ISO FINE T.D.} Phone: (612) 894-5737
Comments: CENERAL [NVENTORY
Operator: TAF
Electrolyte: I1SOTGCHN 11
Dispersant: TYPE C
- Aperture Size: 280 um 4555D.#01
100 . um %555D.#02
30 um  %555D.#03
Channels 256 Variable 1[: 0.000000
Variable 2: 0.000000
Acquired art: {2:35 Fri May 12 1995
[_ Vol % greater than Vol % less thaa Cum ¢
0.6 — - 'n /_ ST H0G 10¢
” ! ‘ ) a,-.‘». .
- r; M ':Il?.;lsgl ; 6555p. 08|
¢ 0-5 .n:lL!h;l “{“ ” ‘ l v! f! 5[| ',“[" (]’”elﬂ !Hl! flct _ 80
Al ;m‘-rw-'
e 0.3 v l l" ; ls' { !; Hllmfllulm. i u%l'“u“ﬂ”} m!' ([! ! | ~__+
n 4 ,‘il':lzl !‘llql 1[““”{ .I}m, ([&O
e 0.2 it R PR | RSB {
1yi';'|;4!; ";‘l}§1[:1{ ;I]‘H"i .'E’:‘ {
% 0.1 WM [;”b 11”’ ‘;f 25:'1.’j'i.s§' f“zo
AT ! ' i !

0 Hemiry mxummB}L'ﬂHL'Q I[MJ IJ[.E Hf ‘ l ”:“ . ' ‘ R “__0
- 1.0 2 3 4 5‘.5 7 .10 .:;f.;;ig'é,l.'ic?" w 60 100
_ ‘Particle Dx;meter (u}n) S -

£C= 0.650 um UC=96.40 um
Volume Statistics (Ceometric) 4555D. 804
:alculations from 0.65 um to 96.40 um
'o fume 1.182%102 um? -
lean: 8.712 um Std. Dev.: 1.158 =7
ledian: 8.840 um vo-
{ean/Medi Rz : 0.986 :
iode: en Rawio 5.300 um Cumulative Volume Numeric Data
Micron Size  %Greaer Than % Less Than
1 96.7 33
2 $8.4 11.6
3 £0.1 19.9
; 4 72.6 274
5 65.9 34.1
7 562 43.8
10 46.9 53.1
20 28.0 720
40 10.1 89.9
80 05 99.5




POWDER TECHNOLOGY INC.
COULTER COUNTER MODEL TAII PARTICLE SIZE ANALYSIS

CUSTOMER : GENERAL

DATE :28 APRIL 1983

SAMPLE NUMBER
PTT RUN NUMBER :
CPERATOR
————————— VOLUME
COMBINED
APERTURE DIFF
DATA %
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.57 0.44
0.61 0.47
0.73 0.57
0.80 0.62
1.14 0.88
1.49 1.16
1.87 1.45
2.04 1.58
2.69 2.09
3.34 2.58
3.88 3.00
4.32 3.35
4.97 3.85
5.80 4.57
6.81 5.23
7.22 6.13
8.51 6.59
9.51 7.36
10.8¢2 - 8.43
11.81 9.14
12.08 9.36
11.85 9.17
2.61 7.44
4.32 3.34
1.34 1.04
0.16 0.12
0.00 0.00
0.00 0.00
0.00 0.00,
0.00 0.00
0.00 0.00
0.00 0.00

4440C
N/A

TAF

i et e o . e

CuM
b 4

100.00
100.00
100.00
100.00
100.C60
938.56
99.09
98.52
97.90
97.02
85.86
34.41
82.84
80.75
88.17
85.17
81.82
77.98
73.41
68.12
62.00
55.40
48.04
33.61
3C.47
21.11
11.94
4.80
1.16
0.12
0.00
0.00
0.00
0.00
0.00
0.00

i
I

(612) 894—873?

MATERIAL : SAE COARSE T. D.
APERTURE :  400,200,100,30
CUST. LOT NO: 60082

MEAN VOLUME : 30.2 MICRCNS

DIAMETER
(MICRON)

“

76.350

10.080
12.700
16.000
20.200
25.400
32.000
40.300
50.800
64.000
80.800 °

0.188
0.250
0.315
0.397
0.500
0.630
0.7%4
1.000
1.260
1.580
2.000
2.520
3.170
4.000
“5.040

0-2.5 MICRON=
5.6 _ .

0-5 MICRON=
11.8

5-10 MICRON=
10.2

10-20 MICRON=
16.0 -

20-40 MICRON=
22.4

8.000
40-80 MICRON=
27.7

80+ MICRON=
11.8

101.600
128.000
161.000
203.000
256.000
322.000
406.000
£12.000
645.000
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DISTRIBUTION LIST

ADDRESSEE

Commander

U.S. Army Tank-automotive & Armaments Command

ATTN: AMSTA-TR-R (Mr. F. Margrif)
AMSTA-TR-R (Mr. M. Richard)
AMSTA-TR-R (Mr. J. Kozowyk)
AMSTA-TR-R (Mr. L. Sierpien)
AMSTA-DSA-LT (Mr. D. Phillips)

Defense Technical Information Center
8725 John J. Kingman Rd., STE 0944
Ft. Belvoir, VA 22060-6218

ATTN: DTIC-ICA, Pat Mawby

SKIP’s NW Filter Service
P. 0. Box 515
Ellensburg, WA 98926

Holt Distributing & Manufacturing Co.

2246 S. Railroad
Fresno, CA 93721
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